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(71) We, Tub Goodyj«ar Tire & 
Rubber Company, a corporation organized 
under the laws of the State of Ohio, United 
States of America, of 1144 East Market 
5 Sheet, Akron, Ohio, United Slates of 
America, do hereby declare the invention, 
for which we pray that a patent may be 
granted to us, and the method by winch it 
i.s to be performed, to be particularly des- 

10 cribed in and by the following statement: — 
This invention relates to an improve- 
ment in a method for producing an active 
catalyst for the polymerization of certain 
diolefins or mixtures of diolefins to poly- 

15 itiers having high cis-1,4 content. More 
specifically, the invention relates to the 
polymerization of at least one conjugated 
diolefm to polymers having a high cis-1,4 
content. Still more specifically it relates 

20 to improved catalysts useful for such poly- 
merization. 

It is known that polymerization of con- 
jugated diolefins can be promoted by con- 
tacting the diolefm with a catalyst system 

25 comprising (A) a trialkylaliiniimmi or alfcyl- 
aluminum hydride, (B) a compound of a 
metal of the Group Ilf-B of the Periodic 
Table of the Elements' and (Q an alkyl- 
ahuninum halide. Such catalyst systems 

30 polymerize conjugated diolefins, in good 
yields, to produce polymers having very 
high cis-1,4 content, which arc particularly 
useful as extenders or substitutes for natural 
rubber. However, these catalyst systems 

35 have the disadvantage thai relatively long 
reaction times arc required to give highly 
economical yields of polymer. (Wherever 
reference is made herein to the Periodic 
Table of the Elements, it is to be construed 

40 as being a reference to that version of the 
Periodic Table published in the 39th Edition 
of the "Handbook of Chemistry and Phy- 
sics" on pages 400 to 401 by the Chemical 
Rubber Publishing Co. s of Cleveland, Ohio, 

45 U.S.A.) 

It 5s an objective of this invention to pro- 
vide a method whereby conjugated diole- 
fins such as butadiene or isoprene can be 
polymerized to a hi&h content or cis-1,4- 



poly butadiene or polyisoprcne, that is, a cis 50 
content greater than 85%. Another object 
is to provide a method whereby mixtures 
of butadiene and Isoprene, mixtures of buta- 
diene and other conjugated diolefins, mix- 
tures of isoprene and other conjugated diole- 55 
fins and mixtures of oilier conjugated diole- 
fins can be. polymerized to form the corres- 
ponding copolymers of high cis-1,4 struc- 
ture. Another object is to provide a cata- 
lyst system by which these polymerizations 60 
may be accomplished. Another object is 
to provide a method of preparing the cata- 
lyst system by which these polymerizations 
may be carried out at increased rates of 
reaction. Other objects will become appar- 65 
en i as the description proceeds. 

According to the invention, an improve- 
ment has been obtained in a process of 
polymerizing conjugated diolefins io form 
polymers exhibiting a high cis-1,4 content, 70 
which process comprises polymerizing at 
least one conjugated diolefm by ' contacting, 
under solution polymerization conditions, 
at least one conjugated diolefm with a cata- 
lyst comprising (A) a compound selected 75 
from organoalumimim compounds con- 
taining at least one carbon to aluminum 
bond, (B) a metallic coordination com- 
pound, the metal of which is selected from 
the metals of Group III-B of the Periodic 80 
Table having atomic numbers of 21, 39 and 
57 to 71 inclusive, and (C) at least one 
compound containing one or more halide 
ions, the improvement comprising preform- 
ing and aging the catalyst system with at 85 
least one conjugated diolefm in an amount 
which gives a mole ratio of diolcfin to the 
Group III-B metal compound ranging from 
0.2/1 to 3000/1. 

^ The first or (A) catalyst component, which 90 
is an organoalumimim compound contain- 
ing at least one carbon to aluminum bond, 
may be defined by the formula: 

/ 
Al—R n 

\ 
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in which R, is selected from alkyl (including 
cyeloalkyi), alkoxy, aryl, alkaryl, arvlalkyl 
radicals and hydrogen; R 2 is selected from 
alkyl (including cyeloalkyi), aryl, alkaryl, 
5 arvlalkyl radicals and hydrogen and R 3 is 
sefeeted from alkyl (including cyeloalkyi), 
aryl, alkaryl and arylalky! radicals. Repre- 
sentative of the compounds corresponding 
to rhis definition are: diethylaluminiTm hy- 
10 dride, di-n-p ropy! aluminum hydride, di-m 
b u I via 1 tf min inn h yd rid e ; d i isobu tylal ti in i - 
in mi hydride, diphen via I u milium hydride, 
di-p-tolylaluminum hydride* dibenzylalu- 
milium 'hydride, phenylethylahmnnum hyd~ 
15 ride, phenyl-n-propylalumituim hydride* p- 
t o Jy] e t h y lal u j n in i i m h yd ri de, p- 1 oJ yl-n -p ro- 
py] a I u m in urn Iiyd ride, p- tol yl isop ropy la J u in - 
intim hydride, ben zylethyl aluminum hyd- 
ride, benzyl-n-propylahunimim hydride* 
20 and benzylisopropylahimimim hydride and 
other organoalu minum hydrides. Also in- 
eluded nre emylaluminum dihydride, butyl- 
aluminum dihydride, isobutylalumimim di- 
hydride, octylahiminum dihydride, amyl- 
25 aluminum dihydride and other orgaiioalu- 
mimnn dihydrides. Also included are di- 
cthylahiniimmi ethoxkte and dipropytalu- 
mmum eihoxide. Also included arc tri~ 
mcthylaluminuni, triethylalumimrrh, tri-n- 
30 propylalumiuum, triisopropylafmninum, trj- 
n-butylalummum, iriisobutylafumhnim, tri- 
pentylalummum, trihexylaluminum, trieyc- 
iohexylahi minum, trioctylaluminum, tri- 
plicnflaluminum, trj-p-tolylaluminum, tri- 
35 bcnzylafuminum, ethyldiphcnylaluminum, 
ediyJ-di-p-totyJaHuiihuim., cthyldibertzyJahi- 
minum, dicthyiphcnylahiniinum, diemyl-p- 
tolylaUiinimnn* diethyl ben zylahrmi num and 
other triorganoaluininiim compounds. 
40 The second or (BJ catalyst component of 
the catalyst system is a metallic coordina- 
tion compound of metals of Group III-B of 
the Periodic Table having atomic numbers 
of 2U 39 and 57 through 71 inclusive. The 
45 metal ion forms the central core or atom 
to which two or more ligand-lype groups 
or atoms arc joined. The resulting com- 
pound may be known as a coordination 
compound. For the present invention, the 
50 most useful of these coordination com- 
pounds comprise metals of Group III-B and 
ligands represented by organic groups con- 
taining from 1 to 20 carbon atoms. These 
compounds may be symbolically repre- 
ss sen ted as ML,, wherein M represents the 
metal ion of Group III-B and L represents 
the organic lisand and n is an integer of 2 
or greater. 

Representative Group III-B metals useful 
60 in the invention include scandium, yttrium, 
lanthanum/ cerium, praseodymium, neo- 
dymium, promethium, samarium, europium, 
gadolinium, terbium, dysprosium, holmiuiri, 
erbium, thulium, ytterbium and lutethim. 
65 Of these, cerium, neodymium and lan- 



thanum having atomic numbers of 58, 68 
and 71 respectively are the most preferred. 

The organic portion of Ihe coordination 
compound includes organic- type ligands 
containing from 1 to 20 carbon atoms, 70 
These ligands may he of the monovalent and 
bidenlate or divalent and bidentate form. 
The functional groups which may be on 
these ligands are such groups as tertiary 
nitrogen^ formyj, carbon yl, oxy, alkoxy, a lk- 75 
oxycarbonyl, amino, alkimhio and hydroxy!. 
Representative of such ligands arc o-hyd- 
roxyaldehydes such as salicylaldehyde, 2- 
hydroxy- 1 -napluhaldchydc and 2-hydroxy- 
3-naphtnaldchyde; omydroxyphenones such 80 
as 2 t -hydroxyaeetophenone J1 2'-hydroxy- 
butyrophenone and 2 J -hydroxypropiophen- 
one; aminophenols such as o-aminophenol, 
N-methyl o-aminophenol and N-ethyl o- 
aminophenol; hydroxy esters such as ethyl 85 
salieylate J propyl salicylate and butyl sali- 
cylate: phenolic compounds such as 2- 
bydroxyqumoline and 8-hydroxyquinolinc; 
/?-di ketones such as acetyl acetone, benzoyl- 
acetone, propionyJaceione, i sob ulyryl acetone, 90 
valerylacctone and ethyl acetyl acetone; 
monoearboxylic a.ck\s such as acetic acid, 
propionic acid, valeric acid, hexanoie acid, 
2-ethyIhcxanoic acid, neodecanoic acid, 
la uric acid and stearic acid; ortho dihydric 95 
phenols such as pyrocatcchol; alkylene gly- 
cols such as ethylene glycol, propylene gly- 
col, trimethylene glycol and tetramethylene 
glycol; diearboxylic acids such as oxalic 
acid, malonic acid, malcic acid, succinic 100 
acid and o-phthalic acid; alkylated deriva- 
tives of tlic al>ove described diearboxylic 
acids; phenolic ethers such as odiydroxy- 
anisole and o-hydroxyethy] phenyl eiher. 

Representative compounds of the Group 105 

III- B metals which may be useful in this 
invention include cerium acetylacctonate, 
cerium naphlhenatt\ cerium neodecanoate, 
cerium octanoate, tris-salieylaldehyde 
cerium, cerium iris(8-hydroxyquinolatc), jjo 
lanthanum naphfhenafe, lanthanum octano- 
ale, neodymium neodecanoate. neodymium 
octanoate, yttrium acetylacctonate, yttrium 
octanoafe, dysprosium octanoate and other 
Group TH-B metals complcxed with ligands us 
containing from 1 to 20 carbon atoms. 

The third or (C) catalyst component of 
this invention is a compound containing 
one or more hafkle ions. Representatives of 
the halide ions which are within the scope, 120 
of this invention include bromide ion, chlor- 
ide ion, fluoride ion and iodide ion and the 
presence of one or more of these ions is 
essential in the catalyst system. These hal- 
ide ions may be introduced as (1) hydro- 125 
gen halides; (2) alkyl, aryl, alkaryl, aralkyl 
and cyeloalkyi metal halides wherein the 
metal is selected from Groups II, III-A and 

IV- A of the Periodic Table; (3) halides of 
metafs of Groups III, IV, V, VI -B and 130 
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VIII of the Periodic Table and (4) organo- 
metallic hafides wherein the metal of the 
organomclallic halide is selected from 
metals of Group IH-B of the Periodic Table 
having atomic numbers of 21, 39 and 57 
to 71 inclusive. 

Representative examples of such com- 
pounds containing a halide ion Include (1) 
hydrogen bromide, hydrogen chloride and 
hydrogen iodide; (2) ethyl magnesium brom- 
ide, biitylmagnesium bromide, phenylmag- 
nesiuni bromide, methyl magnesium chlor- 
ide, bittyl magnesium chloride, ethylmag- 
nesium iodide, phenyl magnesium iodide, di» 
ethylaluiniiuim bromide, tliisobulylahim- 
inuin bromide, methylaluminum sesqui- 
bromide, dicthylalumimnn chloride, ethyl- 
aluminum dichloride, ethylalumiiium ses~ 
quichJoride, dusobutyialumimim chloride* 
tsob u ty 1 a 1 u inin urn cl ichl ori d c, dihcxylahi- 
minum chloride, cyclohexylahiminum di- 
chloride, phenylalutniiium diehloride, dido- 
deeylahiminum chloride, riiethyJaluminnm 
fluoride, dibutylafummum fluoride, diethyl- 
aliiminum iodide, dibutylaluminum iodide, 
phenylaluminum diiodidc trimethyltm bro- 
mide, EriethyUin chloride, dibutyltin di- 
ehloride, butyl tin trichloride, diphenyltin 
dichloride and tribulyltin iodide; (3) alu- 
minum bromide, aluminum chloride, alu- 
minum iodide, antimony pentachloride, anti- 
mony trichloride, boron tribromide, boron 
trichloride, ferric chloride, gallium trichlor- 
ide, molybdenum pentachloride, phosphorus 
tribromide, phosphorus pentachloride, stan- 
nic chloride, titanium tetrachloride, titanium 
tetraiodide and tungsten hcxachloride; and 
(4) t-butylsa1icyla1dehydrocerium(lil)ehlor- 
ide, salieylaldehydoeerium(iII)chloride, 5- 
eyclohexylsalieylaldehydoeerium (III) chlor- 
ide, 2-ttcctylphenolatoccrium(IU)ch!oride, 
oxalatocerium(III)chloride and oxalato- 
ccriumflII)bromide. The halide ions in the 
third or (C) component of this invention 
are labile halide ions. 

The conjugated diolefins which may be 
polymerized in accordance with the above 
described catalyst system are those alipha- 
tic conjugated diolefins commonly employed 
in the preparation of synthetic rubber. Rep- 
resentative but not exclusive of such con- 
jugated diolefins are 1,3-dienes such as buta- 
diene-1,3; substituted 1,3 -butadienes such 
as isoprene; 2,3 -dimethyl- 1,3 -butadiene, 2- 
ethyM,3-butadierie; 2-propyI-L3-butadiene; 
2*hexyM ,3-butadiene; 23-diethyl-l .3-bula- 
diene, 2,3<libu(yl-1 s 34>utadiene; 2-decyl-l f 3- 
butadienc and other substituted butadienes 
in which the substituent group contain up to 
12 carbon atoms. However, when the sub- 
stituent groups are more than about 8 
carbon atoms, the 1 ,3 "butadienes should be 
mono-substituted. 

The known techniques normally used in 
the preparation of an active catalyst are the 



4t iu situ" and the "preformed" techniques. 
By "in situ" is meant that the catalyst com- 
ponents are added separately to . the mono- 
mer to be polymerized. By "preformed" is 
meant die maimer in which the catalyst 70 
components are mixed together prior to ex- 
posure of any of the components to the 
monomer to be polymerized. It is also 
known thai when employing the type of 
catalyst system described in this invention, 75 
the presence of monomer is not essential to 
the formation of an active catalyst species, 
thus, facilitating the use of "preformed" 
catalysts. Also, it is known that freshly 
"preformed" catalysts are frequently more 80 
active than catalysts which have been al- 
lowed to age before use. 

The present invention employs a "pre- 
formed" catalyst technique but one which 
has been greatly improved by "preforming" 85 
the catalyst components in the presence of 
small amounts of a conjugated diolefin and 
generally the diolefin that is to be polymer- 
ized. It has been found that when the cata- 
lyst ^ is "preformed" in the presence of a 90 
conjugated diolefin, polymerization rales are 
increased up to 100% or greater. It has 
also been found that when catalysts that 
have been "preformed" in the presence of 
a conjugated diolefin arc allowed to age 95 
over a period of time ranging from a min- 
ute to 30 days before use, at temperatures 
ranging from 0*C. to 100°C, catalyst acti- 
vity is also increased. 

Usually the catalyst is prepared by mix- 100 
ing the conjugated diolefin and the catalyst 
components in the following preferred 
order: {!) inert solvent, (2) diolefin, (3) an 
organoahuninum compound such as trialkyl- 
aluminium or dialkylaluinimim hydride, (4) 105 
Group III-J3 metal compound and (5) a 
compound containing a halide ion. Another 
preferred order of mixing the various com- 
ponents is (1) inert solvent, (2) an ors;a no- 
aluminum ' compound such as trialkylalu- 110 
minum or dialkylaluminum' hydride, (3) di- 
olefin, (4) a compound containing a halide 
ion and (5) a Group III-B metal compound. 
These preferred orders of mixing the vari- 
ous components, which comprise the active 115 
catalyst, are not to be interpreted as exclud- 
ing other orders of mixing; however, it is 
generally preferred that the organoaluminum 
compound always be added prior- to the ad- 
dition of the halide in order to obtain opti- 120 
mum results. 

The conjugated diolefins which are added 
in small amounts during the "preforming" 
of the catalyst components to give the im- 
proved catalyst system described above, are 125 
those aliphatic conjugated diolefins com- 
monly employed in the preparation of syn- 
thetic rubber. Representative but not ex- 
clusive of such conjugated diolefins arc 1,3- 
dienes such as buladieiic-1,3; substituted 1,3- 130 
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butadienes such as isoprcne; 2,3-ilimcthyI- 
1,3-buladienc; 2-ethyl-1.3-buladiene; 2-pro- 
pyl -1,3 -butadiene; 2-Jicxy 1 -1,3- bu tad i en e ; 
2,3-dielhy]-l,3-buladiene; 2,3-dibutyM,3- 
5 butadiene; 2-decyl-l,3-buladicne and other 
substituted butadienes in which the substi- 
luent groups contain up to 12 carbon atoms. 
However, when the substifuciU groups are 
more than 8 carbon atoms, the 1,3-bniadicne 

10 should be mono-substituted. 

By the tenn "inert solvent" is meant that 
the solvent doe* not adversely affect the 
eataivst or its individual components. Such 
" solvents are usually aliphatic, aromatic or 

15 cvcJoaliphalic hydrocarbons, representative 
of which are pentane, hcxanc, heptane, benz- 
ene, toluene and cyclohexane. 

The proportions of the components of 
die polymerization catalyst composition of 

20 this invention can be varied widely* When 
the halide ion of the halogen containing 
compound is bromide, cliloride or iodide 
ion, the atomic ratio of the hatide ion to 
(he Group III-B metal can vary from 0,1/1 

25 to 6/1. A more preferred ratio is from 
0 5' J to 3.5 M and the most preferred ratio 
is substantially 2/1. However, when the 
halide ion of the halogemcoiUamnig com- 
pound is fluoride ion, the ratio of the fluor- 

30- ide ion to the Group 1I1-B metal ion ranges 
from 20/1 to 80/1 with the most preferred 
ratio being 30/1 to 60/1. The molar ratio 
of ihc orcanoahiminum compound to 
Group III-B" metal can range from 4/1 to 

35 200/1 with the most preferred range being 
from 8/1 to 100/ L The molar ratio of 
dtolefin to Group III-B metal ranges from 
0.2/1 to 3000/ 1 with the most preferred 
range being from 5/1 to 500/1. 

40 The amount of catalyst charged to the 
reaction svstcni can be varied oyer a wide 
ranee; the sole requirement being dial a 
catalytic amount of the catalyst com- 
position, sufficient to cause polymeria - 

45 tkm of The diolefin, be present in me 
reaction system. Low concentrations _ of 
catalyst are desirable in order to mini- 
mize'ash problems. It lias been found that 
polymerizations will occur when the eata- 

50 lyst level of the Group III-B metal vanes 
between 0.05 and 1.0 miliimolcs of Group 
III-B metal per 100 grams of monomer. A 
preferred ratio is between O.J 5 and 03 
miliimolcs of Group TIl-B metal per 100 

55 grams of monomer. 

The concentration of the total catalyst 
system employed of course, depends upon 
factors such as purity of the system, poly- 
merization rate desired, temperature and 

60 other factors. Therefore, specific concentra- 
tions cannot be set forth except to say that 
catalytic amounts are used. 

The polymerization of the diolefin can 
be carried out by conventional solution 
65 polymerization procedures employing suit- 



able inert solvents. By the term "inert sol- 
vent" is meant that the solvent or diluent 
docs not enter into the structure of or affect 
adversely the resulting polymer. Such sol- 
vents are usually aliphatic, aromatic or 70 
evcJoaliphafic hydrocarbons, representative 
of which are pentane, hexane, heptane, benz- 
ene, toluene and cyclohexane; The solvent/ 
monomer volume ratio may be varied over 
a wide range. Up to 20 or more to 1 volume 75 
ratio of solvent to monomer can be em- 
ployed. It is usually preferred, or more 
convenient, to use a sol vent /monomer ratio 
of 3/1 to 6/1. 

Temperatures at which the polymeria- 80 
tion reaction is carried out can be varied 
over a wide range. Usually the tempera- 
ture can be varied from extremely low tem- 
peratures such as — 60°C. up to high tem- 
peratures such as 150°C. or higher. Thus, 85 
the temperature is not a critical factor of the 
invention. It is generally preferred, how- 
ever, to conduct the reaction at a tempera- 
ture iu the range of from — 30"C. to 80°C. 
The pressure at which the polymerization is 90 
carried out can also be varied over a wide 
range. The reaction can be conducted at 
atmospheric pressure or, if desired, it can 
be carried out at sub-atmospheric or super- 
atmospheric pressure. Generally, a satis- 95 
factorv polymerization is obtained when the 
reaction is carried out at about auiogene- 
ous pressure, developed by the reactants 
under the operating conditions used. 

The practice of this invention is further 100 
illustrated by reference to the following 
examples which are intended to be represen- 
tative rather than restrictive of the scope of 
this invention, and with which are included, 
for the purposes of comparison only, cer~ 105 
tain examples lying outside the scope of the 
invention. . 

The inherent viscosity, which is also 
known as dilute solution viscosity (DSV), 
was determined in toluene at 30°C. for a 110 
number of the polymers reported herein 
and is an indication of their relative mole- 
cular weights. The percent cisT, 4 content 
of a number of the polymers was deter- 
mined from infra-red diffraction patients 115 
obtained on these polymers. 

EXAMPLE I 
Preparation of Preformed Catalysts 
The benzene solvent was dried by pass- 
ing it through a silica gel column under a 120 
nitrogen atmosphere. A series of catalysts 
containing increasing amounts of butadiene 
was prepared by adding the appropriate 
amounts of dry benzene, butadiene, diiso- 
butylaluminum hydride (DIBAH), cerium 125 
octanoatc (CeOct) and ethyl aluminum di- 
chloride (HADC) to five 4-ounce bottles. 
These catalysts are designated- A, B, C, D 
and E respectively. Each catalyst was 
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allowed to age at room temperature (25°C.) 
far a period of one hour, one clay, three 
days and seven days prior to its use. The 



table below gives all pertinent data as to 
the quantities of each of the catalyst com- 5 
ponents used. 



TAB LB 1 








Millimoles 






Mole 
Ratio 
Bd/Cc 


Catalyst 


Benzene 


Butadiene 


DIB AH 


CeOct 


EADC 


A 
B 

C 
D 
B 


1072 
1060 
1036 
1010 
985 


0 

2.72 
8,21 

13.71 

19.1 


537 
537 
537 
537 
537 


0.27 
0,27 
0.27 
0.27 
0.27 


0.27 
0.27 
0.27 
0.27 
0.27 


0/1 
10/1 
30/1 
50/1 
70/1 



15 Catalyst A is not intended as an example of the invention since it does not include the 
requisite diolelim 



EXAMPLE II 



A series of polymerizations was carried 
out on a premix of butadiene as a 21% by 

20 weight solution in hexane in four ounce 
bottles. The amount of preformed catalyst 
which was prepared as in Example I em- 
ployed in these polymerizations' was the 
same in each fun and contained 4 millimoles 

25 of dhsobutyialuminum. hydride, 0.2 milli- 
molc of cerium octanoate and 0.2 millimole 
of ethylaluniinum dicliloride per 100 grams 
of butadiene charged. The control run, 
which was an in situ catalyst preparation, 

30 employed the same amounts of the catalyst 
components except no butadiene was em- 
ployed in the preparation of this catalyst 
because the catalyst was not preformed and 



each catalyst component was injected into 
the polymerization mixture separately. The 35 
bottles were tumbled in a bath maintained 
ai 50°C. for the reaction times indicated in 
Tables II a and lib. The polymerizations 
were deactivated by the addition of a suit- 
able stopping agent and antioxidant. Poly- 40 
mer yields and dilute solution viscosities are 
reported m Tables I la and lib. On certain 
of these polymers the percentage of eis-1,4 
content was determined and is reported in 
Table lie. In Tables Ha, b and e s catalyst 45 
A is not intended as an example of the in- 
vention since it was not preformed and aged 
in the presence of a diolefin, but is included 
for the purposes of comparison only. 



50 



TAB EE Ha 



55 



60 



Catalyst 



Control 00 
A (b > 
B 
C 
D 
E 



Mole Ratio 
Bd/Ce 



0:1 
0:1 
10:1 
30:1 
50:1 
70:1 



Catalyst Aging Time 



1 hr. 


1 day 


3 days 


7 days 




Reaction Time 




45 min. 


30 min. 


30 min. 


30 min. 




Polymer 


Yields, Weight % 


16 


11 


9 


9 


29 


29 


28 


28 


37 


58 


55 


58 


42 


61 


68 


69 


43 


63 


68 


76 


42 


62 


68 


76 



w — "in situ" catalyst system 

w _ "Preformed*' catalysts A through E from Example I 
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TABLE lib 



Catalyst Aging Time 
1 hr. 1 day 3 days 7 days 

Reaction Time 



5 45 Klin* 30 min. 30 mim 30 min. 

Mole Ratio 

Catalyst Bd/Ce Dilute Solution Viscosity 



Control™ 


0:1 


2.29 


ND 


ND 


2.67 




0:1 


2J3 


3,12 


3.61 


3.88 


B 


10:1 




ND 


3.75 


4,21 


C 


30:1 


2,05 


ND 


ND 


4,40 


D 


50: 1 


ND 


ND 


3.33 


4,28 


E 


70:1 


1.81 


2.52 


2.82 


3,92 



m — «i n situ'* catalyst addition 
15 *w — "Preformed" catalysis A through E from Example I 
_ Not Determined. 

TABLE Tic 



Catalyst Aging Time 



1 hr. 1 day 3 days 7 days 



20 Reaction Time 



45 mm, 30 min. 30 min, 30 min. 

Mole Ratio 

Catalyst Bd/Ce % cis- 1,4 content 



Control 1 * 0:1 ND (C > ND ND 97.7 

25 A tbI 0:1 97.1 ND ND 98,6 

B 10:1 ND ND ND 98.6 

D 50:1 . ■ ND ND ND 98,7 

K 70:1 96.8 : 97.8 ND ND 



t-u "i n situ'* addiiion of catalyst 
30 <w — "Preformed" catalysts A through E from Example T 
^> . — Not Determined. 



EX A IN 

Three series of polymerisations were con- 
dueled in 4~ouncc bottles employing a pre- 

35 mix solution containing 20 weight percent 
of butadiene in hexane. Two preformed 
catalysts and one "in situ" catalyst were 
used "to polymerize the butadiene. One of 
the preformed catalysts (designated as the 

40 A catalyst), was preformed in the presence 
of isoprene and die other preformed cata- 
lyst (designated as the B catalyst), was pre- 
formed in the presence of butadiene. The 
charge of the preformed A and B catalysts 

45 employed to polymerize the butadiene con- 
tained 12 imllimblcs of conjugated diolefiri, 
8 miliimoles of diisobulylaUiminum hydride 
(Df BAH), 0.4 milfimole of cerium oelano- 



PLE III 

ate (Ce Oct) and 0.4 miflimole of elhyialu- 
miniim dichloride (HADC), The" - same 50 
charge a*escribed above was added to all 
the bottles. The same amounts of the in- 
dividual catalyst components were aiso em- 
ployed in die "in situ" technique of charg-. 
ing' catalyst except additional diolcfm was 55 
not added. The "in situ" technique was 
used as a control. The preformed cata- 
lysts were injected (a) immediately after 
preforming, (b) after aging 1 day at 25°C, 
(c) after aging 2 days at 25°C M and (d) after 60 
aging 7 days at 25°C\ The polymerizations 
were carried out at 50°C. for 30 minutes 
and the pertinent data are summarized in 
Table III below. 



XX! ID; <GB 



T ,294,725 



TABLE III 



Catalyst Aging Time — ■ Days 



Catalyst 



Preforming Monomer 



10 



Control (a) 
B fb> 



Polymer Yields, Weight % 



None 

Isoprenc 

Butadiene 



21 
53 
60 



23 
65 
81 



22 
69 
87 



25 
79 
94 



fa> — "in situ" catalyst addition 

|b| — Mole Ratio, Diolefin ; Ce^30 : 1. 



The _ catalysts employed immediately after preforming and without, aging are not in- 
only aS CXamples of the mveiUiou but arcincluded for the purposes of comparison 



While certain representative embodiments 
and details have been shown for the pur- 

15 pose of illustrating the invention* it will be 
apparent to those skilled in this art that 
various changes and modifications may be 
made therein without departing from the 
scope of the invention as defined by the 

20 claims appendant hereto, 

WHAT WE CLAIM IS :— 

1. In the process which comprises the 
polymerization of at least one conjugated 
diolefin by contacting said conjugated di~ 

25 olefin, under solution .polymerization condi- 
tions, with a catalyst system comprising (A) 
a compound selected from organoaluminum 
compounds containing at least one carbon 
to aluminum bond, (B) a metallic coordina- 

30 tioii compound, the metal of which is 
selected from metals of Group III-B of the 
Periodic Table referred to herein, and hav- 
ing atomic numbers of 21, 39 and 57 to 71 
inclusive and (C) at least one compound 

35 containing one or more halide ions, the im- 
provement which comprises preforming and 
aging the catalyst system with at least one 
conjugated dsolefin in an amount which 
gives a mole ratio of diolefin to Group JII-B 

40 metal compound ranging from 0,2/1 to 
3000/1. 

2. The process according to claim 1 in 
which the preferred mole ratio of conju- 
gated diolefin to Group III-B metal ranges 

45 from 5/1 to 500/1. 

3. The process according to claim 1 in 
which the diolefin polymerized is butadiene 
1,3- 

4. The process according to claim 1 in 
50 which the diolefin polymerized is isoprenc. 

5. The process according to claim 1 in 
which the diolefin polymerized is a mixture 
of butadiene and isoprene. 

6. The .process according to claim 1 



wherein the organoalumiinmt compound is 55 
diisobutylaluminum hydride. 

7. The rjroeess according to claim 1 
wherein ihe organoalu milium compound is 
triisobutylalumuium. 

8. The process according to claim 1 60 
wherein the Group III-B metal is cerium. 

9. Tire process according to claim 1 
wherein the halide ion in the (C) catalyst 
component j s chloride ion. 

10. The process according to claim I OS 
wherein the halide ion in the (C) catalyst 
component is bromide ion. 

11. The process according to claim I 
wherein the atomic ratio of the halide ion 

to the Group Hi-B metal ranges from 0,5/1 70 
to 3.5/1. 

12. The process according to claim 1 
wherein the atomic ratio of the halide ion to 
the Group IXi-B metal is substantially 2/1, 

13. The process according to claim 1 75 
wherein the polymerization catalyst is pre- 
formed in the presence of a conjugated 
diolefin and is then aged at 0°C. to 100°C 

for a period of time ranging from one min- 
ute to 30 days, 8 q 

14. A catalyst composition comprising 
(A) a compound selected from organoalu- 
minum compounds containing at -least one 
carbon to aluminum bond, (B) a metallic 
coordination compound, the metal of which 85 
is selected from metals of Group III-B of 
the Periodic Table referred to herein, (C) 

at least one compound containing one or 
more halide ions and (D) at least one con- 
jugated diolefin. 90 
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